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Produce a beam of light J_

l

Focus the beam of light using an optical system /f604
with a numerical aperture ranging from 0.2 to 0.9

l

Simultaneously select multiple channels having
different AOI and/or different azimuth angles by J‘606
passing the beam of light through a plurality of pupils
in a pupil plate after the beam of light interacts with
the sample to produce a plurality of beamlets

l

Detect the plurality of beamlets to produce data for /J—GOS
the at least one of different angles of incidence and
different azimuth angles

'

Process the data for the at least one of different ’J—61 0
angles of incidence and different azimuth angles to
determine at least one parameter of the sample.
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1
OPTICAL METROLOGY WITH MULTIPLE
ANGLES OF INCIDENCE AND/OR AZIMUTH
ANGLES

FIELD OF THE INVENTION

The invention relates to an optical metrology, and more
particularly to an optical metrology tool with multiple angles
of incidence and/or azimuth angles.

BACKGROUND

The semiconductor industry, as well as other complex
nanotechnology process industries, requires very tight toler-
ances in process control. As dimensions of chips continue to
shrink, the tolerance requirements continue to become
tighter. Accordingly, new more precise ways of measuring
very small dimensions, e.g., on the order of a few nanometers,
are desired. At this scale, typical microscopies, such as optical
microscopy, or Scanning Electron Microscopy, are not suit-
able to obtain the desired precision, or to make quick, non-
invasive measurements, which are also desirable.

Optical metrology techniques have been presented as a
solution. The basic principle of optical metrology techniques
is to reflect and/or scatter light from a target, and measure the
resulting light. The received signal can be based simply on the
reflectance of the light from the sample, or the change in
polarization state (Psi, Delta) of the light caused by the
sample. The light may be modeled to retrieve the geometries
or other desired parameters of the illuminated sample.

With the continuously shrinking of critical dimensions in
semiconductor devices and the industry moving to 3D device
structures, optical metrology that is used to measure device
structure parameters is facing more and more challenges due
to lack of parameter sensitivity or strong parameter correla-
tions. Continued improvements in optical metrology are
therefore desirable.

SUMMARY

An optical metrology device simultaneously detects light
with multiple angles of incidence (AOI) and/or multiple azi-
muth angles to determine at least one parameter of a sample.
The metrology device focuses light on the sample using an
optical system with a large numerical aperture, e.g.,0.2t0 0.9.
Multiple channels having multiple AOIs and/or multiple azi-
muth angles are selected simultancously by passing light
reflected from the sample through a plurality of pupils in a
pupil plate. Beamlets produced by the plurality of pupils are
detected, e.g., with one or more spectrophotometers, to pro-
duce data for the multiple AOIs and/or multiple azimuth
angles. The data for multiple AOI and/or multiple azimuth
angles may then be processed to determine at least one param-
eter of the sample, such as profile parameters or overlay error.

In one implementation, an optical metrology device
includes a light source that produces a beam of light; an
optical system that focuses the beam of light into a spoton a
sample, the optical system having a numerical aperture rang-
ing from 0.2 to 0.9; a pupil plate having a plurality of pupils
that simultaneously receives the beam of light after interact-
ing with the sample, wherein a portion of the beam of light
passes through each of the plurality of pupils as a beamlet, the
plurality of pupils being arranged to produce beamlets at a
plurality of at least one of angles of incidence and azimuth
angles; at least one detector positioned to receive the beam-
lets; and a processor coupled to receive data from the at least
one detector for the plurality of at least one of angles of
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incidence and azimuth angles, the processor configured to
determine at least one parameter of the sample based on the
data for the plurality of at least one of angles of incidence and
azimuth angles.

In one implementation, a method includes producing a
beam of light; focusing the beam of light to be incident on a
spot on a sample using an optical system with a numerical
aperture ranging from 0.2 to 0.9; simultaneously selecting
multiple channels having at least one of different angles of
incidence and different azimuth angles by passing the beam
of light through a plurality of pupils in a pupil plate after the
beam of light interacts with the sample to produce a plurality
of beamlets having the at least one of different angles of
incidence and different azimuth angles; detecting the plural-
ity of beamlets to produce data for the at least one of different
angles of incidence and different azimuth angles; and pro-
cessing the data for the at least one of different angles of
incidence and different azimuth angles to determine at least
one parameter of the sample.

In one implementation, an optical metrology device
includes a light source that produces a beam of light; an
optical system that focuses the beam of light into a spoton a
sample, the optical system having a numerical aperture rang-
ing from 0.2 to 0.9; a channel selector configured to receive
the beam of light after interacting with the sample and simul-
taneously selecting multiple channels having at least one of
different angles of incidence and different azimuth angles; at
least one detector positioned to detect the multiple channels
to produce data for the at least one of different angles of
incidence and different azimuth angles; and a processor
coupled to receive the data from the at least one detector, the
processor configured to determine at least one parameter of
the sample based on the data for the at least one of different
angles of incidence and different azimuth angles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B illustrate a side view and top view of an
optical metrology device that measures one or more param-
eters of the sample by simultaneously selecting multiple
channels having different angles ofincidence and/or different
azimuth angles.

FIGS. 2, 3, 4, and 5 illustrate different embodiments of a
channel selector in the form of a pupil plate having a plurality
of pupils arranged to select different angles of incidence
and/or different azimuth angles.

FIG. 6 is a side view of a portion of an optical metrology
device using a reflective optical system with the channel
selector.

FIG. 7 is a side view illustrating a normal incidence optical
metrology device capable of simultaneously selecting mul-
tiple channels.

FIG. 8 is a side view of an optical metrology device, similar
to that shown in FIG. 1A, and that uses a plurality of separate
detectors.

FIG. 9 illustrates a configuration of a plurality of detectors.

FIG. 10 illustrates a configuration of a single detector with
a plurality of spectrophotometers.

FIG. 11 illustrates a configuration of a single detector with
a single spectrophotometer and a two-dimensional CCD
array.

FIG. 12 is a flow chart of a method of using an optical
metrology device that is capable of simultaneously selecting
multiple channels having different AOI and/or different azi-
muth angles to determine a characteristic of a sample.

DETAILED DESCRIPTION

FIG. 1A illustrates a side view of an optical metrology
device 100 that measures one or more parameters of the
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sample 101 using a plurality of angles of incidence (AOI).
The metrology device 100 includes a light source 102 that
produces a collimated beam of light 104 along an optical axis,
illustrated as line OA. The angle between the line OA and the
wafer normal may be in the range from, e.g., 10 to 75 degrees.
The light source 102 may be a broadband light source pro-
ducing a plurality of wavelengths, e.g., a Xenon Arc lamp, a
Deuterium lamp, a laser driven light source etc., may be used
to produce light with a range of 190-3500 nm. If desired,
however, the light source 102 may produce a single wave-
length or multiple discrete wavelengths. The beam of light
104 is focused into a spot on the sample 101 with optical
system 106, illustrated as a single lens 106, but multiple
lenses may be used. Moreover, while FI1G. 1A illustrates the
use of a refractive optical system, a reflective optical system
or a combination of refractive and reflective optical system
may be used. The optical system 106 has a large numerical
aperture (NA), e.g., that may range from 0.2 to 0.9, which
corresponds to a full cone angle of the optical beam of 23 to
128°. The metrology device 100 may include a polarizer state
controller 108 through which the beam of light 104 passes
before being incident on the sample 101, e.g., positioned
between the light source 102 and the optical system 106. The
polarization state controller 108 may include a polarizer, and
if desired, a compensator, either or both of which may be
rotatable.

On the collection side, i.e., after the beam of light 104 is
incident on and interacts with the sample 101, the beam of
light 104 is collimated with collection optical system 110,
again illustrated as a single refractive lens 110, but multiple
lenses (reflective and/or refractive) may be used. A multiple
channel selector is used to collect multiple AOIs and/or azi-
muth data. The multiple channel selector may be, e.g., a pupil
plate 112 that includes a plurality of pupils 114 arranged to
select the desired channels, e.g., multiple angles of incidence.
Channels are selected by a portion of the collimated beam of
light 104 passing through the pupils 114 to form a separate
beamlet 116 for each channel. Each beamlet 116 (i.e.,
selected channel) corresponds to a different small cone angle
of incident and reflected light. FIG. 1A illustrates the cone
angle that corresponds to each beamlet 116 with dotted lines
between the sample 101 and the pupil plate 112. As illustrated
in FIG. 1A, the beamlets 116 corresponding to different
angles of incidence are detected by one or more detectors 120,
which may be a spectrometer. If desired, multiple detectors
may be used, e.g., with each beamlet 116 being detected by a
different detector. If desired, a polarization state analyzer 118
may be provided on the collection side, e.g., between the
sample 101 and the detector 120.

FIG. 1B illustrates a top view of the optical metrology
device 100 and is similar to FIG. 1A, but illustrates optical
metrology device 100 measuring the sample 101 using a
plurality of azimuth angles. Thus, if desired, the pupil plate
112 of the metrology device 100 may be include a plurality of
pupils arranged to simultaneously select channels that corre-
spond to a plurality of AOIs (as illustrated in FIG. 1A) and a
plurality of azimuth angles (as illustrated in FIG. 1B). If
desired, the number of AOIs and the number of azimuth
angles may be configured to be the same or different. If
desired, however, the pupil plate 112 may be configured to
limit the selected changes to only multiple AOIs or only
azimuth angles.

The one or more detectors 120 simultaneously detect each
beamlet corresponding to the selected channel. Thus, the one
or more detectors 120 produces a plurality of data sets corre-
sponding to each selected AOI and/or each selected azimuth
angle. The one or more detectors 120 are coupled to provide
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the plurality of data sets to a computer 130, which includes a
processor 132 with memory 134, as well as a user interface
including e.g., a display 138 and input devices 140. A non-
transitory computer-usable medium 142 having computer-
readable program code embodied may be used by the com-
puter 130 for causing the processor to control the metrology
device 100 and to perform the functions including the analy-
sis described herein. The data structures and software code
for automatically implementing one or more acts described in
this detailed description can be implemented by one of ordi-
nary skill in the art in light of the present disclosure and
stored, e.g., on a computer readable storage medium 142,
which may be any device or medium that can store code
and/or data for use by a computer system such as processor
132. The computer-usable medium 142 may be, but is not
limited to, magnetic and optical storage devices such as disk
drives, magnetic tape, compact discs, and DVDs (digital ver-
satile discs or digital video discs). A communication port 144
may also be used to receive instructions that are used to
program the computer 130 to perform any one or more of the
functions described herein and may represent any type of
communication connection, such as to the internet or any
other computer network. Additionally, the functions
described herein may be embodied in whole or in part within
the circuitry of an application specific integrated circuit
(ASIC) or a programmable logic device (PLD), and the func-
tions may be embodied in a computer understandable
descriptor language which may be used to create an ASIC or
PLD that operates as herein described.

FIG. 2, by way of example, illustrates a plan view of the
pupil plate 112, illustrated in FIGS. 1A and 1B, that includes
aplurality of pupils 114 configured to simultaneously select a
plurality of AOIs and a plurality of azimuth angles. FIG. 3, by
way of example, illustrates a plan view of another example of
a pupil plate 112' that includes a plurality of pupils 114'
configured to simultaneously select a plurality of AOIs. FIG.
4 illustrates a plan view of another embodiment of the pupil
plate 112" that includes a plurality of pupils 114" configured
to simultaneously select a plurality of azimuth angles. As
illustrated in FIGS. 2, 3, and 4, the pupil plate 112 is config-
ured to simultaneously select three AOIs and/or three azimuth
angles. If desired, however, additional AOIs and/or azimuth
angles may be selected. FIG. 5, by way of example, illustrates
a plan view of another embodiment of pupil plate 112" that
includes a number of pupils 114" that is sufficient to simul-
taneously select five AOIs and a different number of azimuth
angles at different AOIs, e.g., five azimuth angles at the center
AOI position (AOI,_,,,,.,) and three azimuth angles at the +1
and -1 AOI positions (AOL,, and AOI_)), and one azimuth
angle at the +2 and -2 AOI positions (AOI,, and AOI_,). If
desired, a subset of these pupils may be used or additional
pupils 114 may be include in the pupil plate, e.g., with mul-
tiple azimuth angles associated with each AOL.

As discussed above, the beam of light may be focused into
a spot on the sample 101 using a reflective optical system.
FIG. 6, by way of example, illustrates a portion of the beam
path in the optical metrology device 100 in which a reflective
optical system 206, including mirrors 207 and 208 are used to
focus the beam of light 104 onto the sample 101. Reflective
optical system 210, including mirrors 211 and 212, are used to
collimate the beam of light 104 after interacting with the
sample 101, and before the pupil plate 112. Similar to optical
system 106 and 110 discussed with respect to FIG. 1A above,
the focusing optical system 206 and collecting optical system
210 have alarge NA, e.g., ranging from 0.2 to 0.9 or in another
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embodiment, with a full cone angle greater than 23°. Thus, it
should be understood that any type of focusing and collecting
optical system may be used.

Additionally, while FIGS. 1A and 1B illustrate the optical
metrology device 100 measuring a plurality of AOIs and
azimuth angles with obliquely incident light, normal incident
light may be used as well. FIG. 7, by way of example, illus-
trates a normal incidence optical metrology device 300,
which may be, e.g., a reflectometer, that includes a pupil plate
312 that acts as a multiple channel selector. Optical metrology
device 300 includes a light source 302 that produces a colli-
mated beam of light 304 along an optical axis, illustrated as
line OA. As discussed above, the light source 302 may be a
broadband light source. The beam of light 304 passes through
apolarization state controller 308 which may be a polarizer. A
beam splitter 305 directs at least a portion of the beam of light
304 towards the sample 101 and a lens 306, or series of lenses,
with a large NA focuses the light on the sample 101. The light
reflected from the sample is received by the lens 306, which
collimates the light, and which is received by the beam splitter
305. The beam splitter 305 directs at least a portion of the
reflected light to the pupil plate 312 that includes a plurality of
pupils 314 arranged to select the desired channels, e.g., mul-
tiple angles of incidence. As illustrated in FIG. 7, the optical
axis OA of the optical metrology device 300 is normally
incident on the sample 101, and thus, optical metrology
device 300 is referred to as a normally incident optical metrol-
ogy device despite the ability to measure multiple angles of
incidence using the pupil plate 312. Each pupil 314 in the
pupil plate 312 passes a portion of the collimated beam of
light 304 to form a beamlet 316. Each beamlet 316 corre-
sponds to a different small cone angle of incident and
reflected light. The cone angle that corresponds to each beam-
lets 316 is illustrated in FIG. 7 with dotted lines between the
sample 101 and the pupil plate 114. The beamlets correspond-
ing to different angles of incidence are detected by one or
more detectors 320.

As discussed above in reference to FIG. 1A, the beamlets
116 corresponding to different angles of incidence may be
detected by one or more detectors 120. FIG. 8 is a side view
of optical metrology device 100, similar to that shown in FIG.
1A, like designated elements being the same, but including a
plurality of detectors 120A, 120B, and 120C. As illustrated in
FIG. 8, each detector 120A, 120B, and 120C simultaneously
detects a different beamlet 116. The plurality of detectors
120A, 120B, and 120C may provide its respective data to
computer 130 shown in FIG. 1A.

FIG. 9 illustrates one configuration for detecting the plu-
rality of beamlets 116 using the plurality of detectors 120A,
120B, and 120C. As illustrated, portions of the beam of light
104 pass through the pupils 114 of the pupil plate 112 to
produce beamlets 116A, 116B, and 116C. Beamlet 116B is
received by detector 120B, while beamlets 116A and 116C
may be incident on folding mirrors 117A and 117B before
being received by detectors 120A and 120C, respectively.

FIG. 10 illustrates another configuration for detecting the
plurality of beamlets 116. FI1G. 10 illustrates a single detector
120 that includes a plurality of spectrophotometer system
includes separate CCD arrays. As illustrated, a lens 422 may
be used to focus the beamlets 116 on apertures in the detector
120. Each beamlet 116 is received by a separate spectropho-
tometer system 424 that is illustrated with a number of reflec-
tive elements 426 and 427, wavelength scattering element
428, and a CCD array 430. Thus, each CCD array 330
receives the spectra from a different beamlet 116 so that each
channel represented by the beamlets 116 may be quickly and
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6

efficiently processed with the resulting data provided to the
computer 130 (shown in FIG. 1A).

FIG. 11 illustrates another configuration for detecting the
plurality of beamlets 116. FI1G. 11 illustrates a single detector
120 that includes a single spectrophotometer system with a
single two-dimensional CCD array. As illustrated, a number
of lenses 522 may be used to focus the beamlets 116 on
apertures in the detector 120. A spectrophotometer system
524 includes, e.g., a lens 526, a wavelength scattering element
528, and a two dimensional CCD array 530. As illustrated in
FIG. 11, each beamlet 116 is simultaneously received by the
CCD array 530 and the resulting data provided to the com-
puter 130 (shown in FIG. 1A).

FIG. 12 is a flow chart of a method of using an optical
metrology device that is capable of simultaneously selecting
multiple channels having different AOI and/or different azi-
muth angles to determine a characteristic of a sample. As
illustrated, the optical metrology device produces a beam of
light (602), which may be broad band light or single wave-
length. The beam oflight is focused to be incident on a spot on
a sample using an optical system with a numerical aperture
ranging from 0.2 to 0.9. By way of example, the optical
system may have a numerical aperture that produces light
having a full cone angle that is greater than 23°. Multiple
channels are simultaneously selected; the multiple channels
have at least one of different angles of incidence and different
azimuth angles (606) by passing the beam of light through a
plurality of pupils in a pupil plate after the beam of light
interacts with the sample. Thus, a plurality of beamlets are
produced having the at least one of different angles of inci-
dence and different azimuth angles. If desired, a first plurality
of pupils may be used to produce beamlets at a plurality of
angles of incidence and a second plurality of pupils may be
used to produce beamlets at a plurality of azimuth angles. The
plurality of beamlets are detected to produce data for the at
least one of different angles of incidence and different azi-
muth angles (608). For example, the beamlets may be
detected using separate detectors or a single detector with
separate spectrophotometer systems or a single spectropho-
tometer system with a two dimensional CCD array. The data
for the at least one of different angles of incidence and dif-
ferent azimuth angles may then be processed to determine at
least one parameter of the sample, which may then be stored
in memory 134 (FIG. 1A) or other storage. For example, the
data with the at least one of different angles of incidence and
different azimuth angles may be processed to determine at
least one of profile parameters and overlay error for the
sample. The light may be obliquely incident on the sample
and the beam of light collimated after the beam of light
interacts with the sample and before simultaneously selecting
multiple channels. Alternatively, the optical axis of the light
may be normally incident on the sample. The optical metrol-
ogy device may be an ellipsometer or a reflectometer and may
polarize the beam of light before the beam of light is incident
on the sample and may analyze the beam of light with a
polarizer after the beam of light interacts with the sample.

The process of analyzing the metrology data obtained by
the optical metrology device 100 may vary depending, e.g.,
on the type of parameter or parameters being measured and
the configuration of the sample. In one embodiment, for
example, the sample may include a diffracting structure,
where the optical metrology data is obtained by detecting the
zeroth order diffraction from the diffracting structure for each
angle of incidence and/or azimuth angle. If desired, however,
additional orders of the diffraction, e.g., the +1st orders, may
also be detected. The optical metrology data may be analyzed
in the original data format or other converted or transformed
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formats, for example, linear combination, principal compo-
nents, etc. The sample structure may include two dimensional
lines or three dimensional structures. The profile parameters
of' the diffracting structure may include, e.g., a shape of lines,
holes or islands, linewidth or line length, height, and wall
angle of the diffracting structure and overlay shifts. Alterna-
tively, the parameters may be, e.g., at least one of an optical
index and film thickness of one or more films on the sample.
Alternatively, the metrology data may be analyzed to deter-
mine overlay error, e.g., where the sample 101 includes over-
lying structures.

In one embodiment, the analysis of the optical metrology
data may use real time regression, where the measurement
data is compared to calculated data by real time calculations
and parameters are determined by a nonlinear regression
method, an optimization process to minimize the mean square
error (MSE) between measurement data and the calculated
data. The real time calculation may include Rigorous Couple
Wave Analysis (RCWA), finite element, finite difference and
machine learning methods. In another embodiment, the
analysis of the optical metrology data may be done by a
database or library method. The optical metrology data may
be compared to a database or library that includes a plurality
of functions, where each of the functions corresponds to the
one or more parameters of the sample and the optical metrol-
ogy data, which may be combined or compared to the refer-
ence database or library separately.

There may be different ways to determine the parameters in
data analysis. In one case, all the parameters are determined in
one step analysis, where all the metrology data are analyzed
simultaneously. In another case, multiple steps of analysis
may be used and for each step, partial parameters may be
determined by partial data set. The data analysis may also
include using different weights for different metrology data
set to enhance the parameter sensitivity or reduce parameter
correlation.

Although the present disclosure is illustrated in connection
with specific embodiments for instructional purposes, the
present invention is not limited thereto. Various adaptations,
modifications and combinations of embodiments may be
made without departing from the scope of the invention.
Therefore, the spirit and scope of the appended claims should
not be limited to the foregoing description.

What is claimed is:

1. An optical metrology device comprising:

a light source that produces a beam of light;

an optical system that focuses the beam of light into a spot
on a sample, the optical system having a numerical aper-
ture ranging from 0.2 to 0.9, an optical axis of the beam
of light is obliquely incident on the sample;

a pupil plate having a plurality of pupils all of which
simultaneously receive the beam of light after interact-
ing with the sample, wherein a portion of the beam of
light passes through each of the plurality of pupils as a
beamlet, the plurality of pupils being arranged to pro-
duce beamlets at a plurality of at least one of angles of
incidence and azimuth angles;

at least one detector positioned to receive the beamlets; and

a processor coupled to receive data from the at least one
detector for the plurality of at least one of angles of
incidence and azimuth angles, the processor configured
to determine at least one parameter of the sample based
on the data for the plurality of at least one of angles of
incidence and azimuth angles.

2. The optical metrology device of claim 1, wherein the

optical system produces light having a full cone angle that is
at least 23°.
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3. The optical metrology device of claim 1, further com-
prising a polarizer state controller through which the beam of
light passes through before being incident on the sample.
4. The optical metrology device of claim 1, further com-
prising a polarization state analyzer through which at least a
portion of the beam of light passes after before being incident
on the sample.
5. The optical metrology device of claim 1, further com-
prising a second optical system that receives the beam of light
after interacting with the sample, the second optical system is
positioned between the sample and the pupil plate.
6. The optical metrology device of claim 1, wherein the
plurality of pupils comprises a first plurality of pupils to
produce beamlets at a plurality of angles of incidence and a
second plurality of pupils to produce beamlets at a plurality of
azimuth angles.
7. The optical metrology device of claim 1, wherein the at
least one detector comprises a plurality of separate detectors
receiving the plurality of beamlets.
8. The optical metrology device of claim 1, wherein the at
least one detector comprises a single detector having a plu-
rality of spectrophotometer systems receiving the plurality of
beamlets.
9. The optical metrology device of claim 1, wherein the at
least one detector comprises a single detector having a spec-
trophotometer system with a two dimensional CCD array that
simultaneously receives the plurality of beamlets.
10. The optical metrology device of claim 1, wherein the at
least one parameter of the sample comprises at least one of
profile parameters and overlay error.
11. A method comprising:
producing a beam of light;
focusing the beam of light to be incident on a spot on a
sample using an optical system with a numerical aper-
ture ranging from 0.2 to 0.9, an optical axis of the beam
of light is obliquely incident on the sample;

simultaneously selecting multiple channels having at least
one of different angles of incidence and different azi-
muth angles by passing the beam of light through a
plurality of pupils in a pupil plate after the beam of light
interacts with the sample to produce a plurality of beam-
lets having the at least one of different angles of inci-
dence and different azimuth angles;

detecting the plurality of beamlets to produce data for the at

least one of different angles of incidence and different
azimuth angles; and

processing the data for the at least one of different angles of

incidence and different azimuth angles to determine at
least one parameter of the sample.

12. The method of claim 11, wherein the optical system
produces light having a full cone angle that is at least 23°.

13. The method of claim 11, further comprising polarizing
the beam of light before the beam of light is incident on the
sample.

14. The method of claim 11, further comprising analyzing
the beam of light after interacting with the sample using a
polarizer.

15. The method of claim 11, further comprising collimat-
ing the beam of light after the beam of light interacts with the
sample and before simultaneously selecting multiple chan-
nels.

16. The method of claim 11, wherein the plurality of pupils
comprises a first plurality of pupils to produce beamlets at a
plurality of angles of incidence and a second plurality of
pupils to produce beamlets at a plurality of azimuth angles.
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17. The method of claim 11, wherein detecting the plurality
of’beamlets to produce data comprises detecting each beamlet
with a separate detector.

18. The method of claim 11, wherein detecting the plurality
of’beamlets to produce data comprises detecting each beamlet
with a separate spectrophotometer system in a single detector.

19. The method of claim 11, wherein detecting the plurality
of’beamlets to produce data comprises simultaneously detect-
ing each beamlet with a single spectrophotometer system
having a two dimensional CCD array in a single detector.

20. The method of claim 11, wherein the at least one
parameter of the sample comprises at least one of profile
parameters and overlay error.

21. An optical metrology device comprising:

a light source that produces a beam of light;

an optical system that focuses the beam of light into a spot
on a sample, the optical system having a numerical aper-
ture ranging from 0.2 to 0.9, an optical axis of the beam
of light is obliquely incident on the sample;

a channel selector configured to receive the beam of light
after interacting with the sample and simultaneously
selecting multiple channels having at least one of differ-
ent angles of incidence and different azimuth angles;
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at least one detector positioned to detect the multiple chan-
nels to produce data for the at least one of different
angles of incidence and different azimuth angles; and

aprocessor coupled to receive the data from the at least one
detector, the processor configured to determine at least
one parameter of the sample based on the data for the at
least one of different angles of incidence and different
azimuth angles.

22. The optical metrology device of claim 21, wherein the
optical system produces light having a full cone angle that is
at least 23°.

23. The optical metrology device of claim 21, wherein the
optical metrology device is an ellipsometer.

24. The optical metrology device of claim 21, wherein the
channel selector comprises a first plurality of pupils arranged
to transmit light having a plurality of angles of incidence and
a second plurality of pupils arranged to transmit light having
a plurality of azimuth angles.

25. The optical metrology device of claim 21, wherein the
at least one parameter of the sample comprises at least one of
profile parameters and overlay error.
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